REMARKS 



Favorable reconsideration is respectfully requested in view of the foregoing 
amendments and following remarks. 

Applicants acknowledge with thanks the Examiner's indication that the drawings 
filed August 25, 2003 are approved. 

The Examiner requested that the specification be checked for the presence of 
possible errors. The Applicants have reviewed the specification and discovered that the 
term "dihydric copper ions" should read "bivalent copper ions". This error is the result of 
a translation error when the present English translation of the Japanese international 
patent application was prepared. A copy of the pertinent portions of the published 
Japanese international application are enclosed, in which the 10 occurrences of the term 
"bivalent copper ions" are identified by underlining. Also enclosed is a verified English 
translation of these 10 pertinent portions of the Japanese international patent application, 
showing that the correct English translation of this Japanese phrase is "bivalent copper 
ions". 

Accordingly, the specification has been amended to correct this translation error. 

In item 3, on page 2 of the Action, claims 5-9, 18-21, 23-24, 26-30 and 32-35 
were rejected under 35 USC 112, first paragraph, on the basis that the specification is 
enabling for endocrine disruptors at a concentration ranging from 1 to 100 mg/L, but not 
enabling for the method being conducted without any endocrine disruptors. 

In item 4, the Examiner further questions the discrepancy in the specification 
where the specification teaches that the present invention contains no endocrine 
disruptors, whereas the specification teaches using the same endocrine disruptor solutions 
as taught in the conventional of prior art. 

The specification included inadvertent translation errors at page 5, lines 19-25 and 
page 6, lines 11-16. However, these translation errors were corrected by the amendment 
filed March 3 1 , 2003 . It is believed that the amendments filed on March 3 1 , 2003 cure 
the deficiencies in the specification described in items 3 and 4 of the Office Action. In 
other words, the present invention is directed to a method containing no endocrine 
disruptors as used in the conventional prior art. 
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Accordingly, this ground of rejection is believed to be overcome in view of the 
amendments to the specification and the new claims presented. 

With regard to item 5 on page 3 of the Action, new independent claims 36 and 49 
do not include the recitations "without any alkaline metals" or "excluding alkaline 
metals". 

Furthermore, the specification clearly teaches that the present invention employs 
no alkaline metal content. See for example page 6, line 3 and line 4, and page 12, line 3. 
The teaching of the interconnection structure according to the present invention having 
"reduced" alkaline metal impurities, appearing on page 12, line 6, is not inconsistent with 
the overall teachings of the specification, but merely reflect that the alkaline metal 
impurities of the present invention are reduced in comparison with the conventional prior 
art. 

With regard to the prior art rejections, these grounds of rejection are deemed to be 
overcome in view of the new claims presented. Each of the new independent claims 36 
and 49 requires that the electroless copper plating liquid contain no endocrine disruptors 
which compounds pose health problems. Accordingly, the claimed invention is distinctly 
different and superior to the prior art methods. 

In this regard, Cheung et al. (USP 6,258,233) teaches an electroless plating 
solution including a complexing agent and a stabilizer (column 4, lines 23-26). However, 
Cheung et al. does not teach or suggest that the stabilizer contain no endocrine disruptors. 
Further, Cheung et al. disclose a surfactant of nonyl-phenol-ethoxilated phosphate ester 
(column 4, lines 35-37). However, it has been known that nonyl-phenol-ethoxilated 
phosphate ester is an acute health hazard. Thus, Cheung et al. does not teach or suggest 
an electroless copper plating liquid containing no endocrine disruptors. 

The Examiner has taken the position that Kikuchi et al. (USP 4,563,217) disclose 
the polyoxyethylene series surface active agent. The Applicant has now discovered a 
translation error in the English specification of Kikuchi et al. Specifically, Kikuchi et al. 
states "alkyl ester, alkvl ether and acetylene-bond-containing polyoxyethylene surface 
active agents" at column 2, lines 30-31. However, this should be "alkyl ester, alkvl arvl 
ester and acetylene-bond-containing polyoxyethylene surface active agents" because 
alkvl arvl ether series polyoxyethylene surface active agents are described in all other 



-9- 



portions in the specification (e.g., claim l-(e); claim 22; column 3, lines 17-26) rather 
than alkyl ether series polyoxy ethylene surface active agents. Further, the alkyl aryl ether 
series polyoxyethylene surface active agent disclosed by Kikuchi et al. appears to be 
represented by the formula (5) at column 3, line 20. However, the substance represented 
by the formula (5) is exactly what the Applicant considers to be endocrine disruptors, i.e., 
polyoxyethylene alkylphenylether R(C6H40) n H (see page 5, lines 1-2 of the present 
specification). Accordingly, the surface active agents disclosed in Kikuchi et al. are 
essentially different from the claimed electroless copper plating liquid that contains no 
endocrine disruptors. 

As described above, neither Cheung et al. nor Kikuchi et al. teach or suggest the 
claimed method using an electroless copper plating liquid that contains no endocrine 
disruptors. Accordingly, it is submitted that the present invention patentably 
distinguishes over Cheung et al. and Kikuchi et al. 

In view of the foregoing, favorable reconsideration and allowance are solicited. 



WMC/dlk 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
July 13,2005 



Respectfully submitted, 



Hiroaki INOUE et al. 




Warren M .Cheek, Jr. r 
Registration No. 33,3a? 
Attorney for Applicants 
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electroless plating solution. This electroless copper plating solution is characterized by containing divalent copper ions, a completing 
agent, an aldehyde-acid, and an organic alkali. It is suitable for filling the grooves in a semiconductor substrate surface with copper 
through a step in which a subsidiary seed layer for reinforcing a copper seed layer formed in the wiring grooves is formed and a step 
in which electroplating is conducted using as a feeder layer the seed layers including the subsidiary seed layer. 
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VERIFICATION 



Commissioner for Patents 
P.O Box 1450 

Alexandria, VA 223 13-1450 



Sir: 



I, Tomohiro Mori T declare and say; 

that I am thoroughly conversant in both the Japanese and English languages; 

that I am presently engaged as a translator in these languages; 

that the attached document represents a true and accurate English translation 
of portions of the International Patent Application No. PCT/JP00/09O99. 

I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Signed this 12th 



day of July . 2005. 




TRANSLATOR 
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To achieve the above object, there is provided in 



accordance with the present invention an electroless copper 
plating liquid for forming a thin film copper 
interconnection for a semiconductor device having a filled 
interconnection structure, characterized by containing 
bivalent copper ions, / a complexing agent, an aldehyde acid, 
and an organic alkali. 




Preferably, the bivalent cooper ions have a 
concentration ranging from 0.01 to 10.0 g/L, the EDTA- 4H has 
a concentration ranging from 0.5 to 100 g/L, the glyoxylic 
acid has a concentration ranging from 1 through 50 g/L, and 
the electroless copper plating liquid has a pH adjusted to a 
range from 10 to 14 by the TMAH. 
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A method of forming a copper interconnection on a 
semiconductor device according to the present invention is 
characterized by the steps of forming an auxiliary seed 
layer for reinforcing a copper seed layer in an 
interconnection groove defined in a surface of the 
semiconductor device using an electroless copper plating 
liquid containing bivalent copper ion§. , a complexing agent, 
an aldehyde acid, and an organic alkali/ and performing an 
electrolytic plating process using the seed layer including 
the auxiliary seed layer as a current feeding layer, for 
thereby filling copper in the interconnection groove defined 
in the surface of the semiconductor device. 
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According to the present invention, there is also 
provided a method of forming a copper interconnection on a 
semiconductor device, characterized by plating copper on a 
surface of a semiconductor substrate in an electroless 
copper plating process at a plating rate of 50 nm/min. or 
less, using an electroless copper plating liquid containing 
bivalent corner ions , a complexing agent, an aldehyde acid, 
and an organic alkali. 



The present invention resides in a method of 
forming a copper interconnection on a semiconductor device 
by plating a surface of a semiconductor substrate with 
copper using an electroless copper plating liquid which 
contains bivale nt copper ions , a complexing agent, an 
aldehyde acid, and an organic alkali. 
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As shown in Table I below, the electroless copper 
Plating liquid according to the embodiment of the present 
invention contains s g/L of CuSO.-SH.O which supplies 
biva lent ,op p . r , nn& , l4 g/L of ^ a 

agent, 18 g/L of givoxylic acid as an aldehyde acid which 
serves as a reducing agent, and TMAH as an organic alkali 
for adjusting the pH to 12.5. 
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1> An electroless copper plating liquid for 
forming a thin film copper interconnection for a 
semiconductor device having a filled interconnection 
structure, characterized by containing bivalent copper ions , 
a complexing agent, an aldehyde acid, and an organic alkali. 

5, A method of forming a copper interconnection 
on a semiconductor device, characterized by the steps of 
forming an auxiliary seed layer for reinforcing a copper 
seed layer in an interconnection groove defined in a surface 
of the semiconductor device using an electroless copper 
plating liquid containing kivalen£_gjaRB££ ions , a complexing 
agent, an aldehyde acid, and an organic alkali, and 
performing an electrolytic plating process using the seed 
layer including said auxiliary seed layer as a current 
feeding layer, for thereby filling copper in the 
interconnection groove defined in the surface of the 
semiconductor device . 
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11. A method of forming a copper interconnection 
on a semiconductor device, characterized by plating copper 
on a surface of a semiconductor substrate using an 
electroless copper plating liquid containing bivalent copper 
ions , a complexing agent, an aldehyde acid, and an organic 
alkali - 
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ABSTRACT 



The present invention provides an electroless 
plating liquid which allows a plating rate to be controlled, 
5 is not largely influential on semiconductor characteristics, 
and poses no problem on the health of workers, and a method 
of forming an interconnection according to a electroless 
plating process which uses such an electroless plating 
liquid- The electroless copper plating liquid contains 

10 bivalent copper ions , a complexing agent, an aldehyde acid, 
and an organic alkali. The electroless copper plating 
liquid is preferably be used in a method having the steps of 
forming an auxiliary seed layer for reinforcing a copper 
seed layer in an interconnection groove defined in a surface 

15 of a semiconductor device, and performing an electrolytic 
plating process using the seed layer including the auxiliary 
seed layer as a current feeding layer, for thereby filling 
copper in the interconnection groove defined in the surface 
of the semiconductor device. 



